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http://dx.doi.org/10.1016/j.pedneo.2Background: This study summarized the epidemiology, etiology, and susceptibility of patho-
gens to antibiotics, and specific characteristics in infants aged less than 4 months diagnosed
with urinary tract infection in the past decade in Taiwan.
Methods: The medical charts of patients aged less than 4 months admitted for urinary tract
infection to Kaohsiung Veterans General Hospital between January 2001 and December 2009
were retrospectively reviewed.
Results: A total of 132 patients, with male predominance (68.9%), were enrolled. The top
three pathogens were similar to those identified in previous studies in Taiwan. The most
common pathogen, Escherichia coli (85.3%), was resistant to ampicillin (75.9%), followed by
sulfamethoxazole/trimethoprim (31.7%), and cefazolin (28.5%). Dimercaptosuccinic acid
(DMSA) renal scan revealed 34.5% positive findings, while the vesicoureteral reflux (VUR) rate
was 37.8% by direct radionuclide voiding cystography and/or voiding cysto-urethrography. Posi-
tive DMSA findings significantly correlated with VUR (p< 0.001) and higher C-reactive protein
level (p< 0.05).
Conclusions: E coli was the most common pathogen in the present cohort, and the top three
pathogens were similar to those found in general pediatric population in Taiwan. VUR was
the most common genitourinary tract anomaly in this age group. Positive DMSA was well corre-
lated with VUR and higher C-reactive protein level.
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Table 1 Age and sex distribution of infants with first UTI.
<1 mo 1e2 mo 2e3 mo 3e4 mo Total
Male (%) 23
(60.5)
21
(75.0)
21
(70.0)
26
(72.2)
91
(68.9)
Female (%) 15
(39.5)
7
(25.0)
9
(30.0)
10
(17.8)
41
(31.1)
Total 38 28 30 36 132
284 J.-H. Wu et al1. Introduction
Urinary tract infection (UTI) is an important and common
cause of fever in infants and young children.1 The diagnosis
can be overlooked because symptoms are often nonspe-
cific, especially in infants.2 Approximately 30e50% of young
infants with UTI may have urinary tract anomalies, of which
vesicoureteral reflux (VUR) is the most common.3 Early
detection of UTI and resolving the underlying congenital
genitourinary (GU) tract anomaly can prevent recurrent UTI
and further renal damage.3,4 The aim of this study was to
provide a better understanding of UTI in infants by inves-
tigating their clinical manifestations, common pathogens,
antibiotic sensitivity, laboratory findings, and imaging
results.
2. Materials and Methods
From January 2001 to December 2009, 156 infants aged less
than 4 months with first UTI confirmed by positive urine
cultures and admitted to Kaohsiung Veterans General
Hospital were enrolled in this study. Patients with chronic
urinary tract problems (two neurogenic bladder and one
persistent cloaca) or congenital disorders (one meningo-
myelocoele, one malrotation with colon hypoplasia, and 19
congenital complex heart disease) were excluded. In the
remaining 132 patients, urine specimens were collected by
urine-bag collection, suprapubic aspiration, or urethral
catheterization for urinalysis and urine culture. Positive
urine culture was defined as follows: more than 105 colo-
nies/ml in bag-collected urine specimens, more than 104
colonies/ml in catheterized urine specimens, and any
growth of colony count in suprapubic aspirated urine
specimens. The susceptibility of pathogens to different
antibiotics was tested by disc diffusion test according to the
guidelines established by the National Committee for Clin-
ical Laboratory Standards.
The patients were evaluated for GU tract anomalies by
renal sonography, direct radionuclide cystography (DRC),
voiding cysto-urethrography (VCUG), or intravenous pye-
lography. Renal sonography and 99mTc-dimercaptosuccinic
acid (DMSA) renal scans were performed as soon as possible
after diagnosis, usually within 3 days of admission. Hydro-
nephrosis was defined as pelvi-calyceal dilatation >0.5 cm
in the anterioreposterior diameter. GU tract obstruction
lesions were diagnosed by intravenous pyelography or
radionuclide diuretic renogram examination. Diminished
DMSA uptake indicated typical acute pyelonephritis (APN).
DRC and/or VCUG were performed 1e2 weeks after anti-
biotic therapy. The imaging results were reviewed by
radiologists and nuclear medicine physicians.
The patients were further divided into APN group and
non-APN group according to the presence or absence of
acute lesions on DMSA renal scan on admission. The asso-
ciations between positive DMSA results in the acute phase
of UTI and each of the other variables were evaluated by
univariate logistic regression analysis and measured with
crude odds ratios. Multivariate logistic regression analysis
was performed to control for potential confounding effects
of each variable on the associations between positive DMSA
results and the other factors.3. Results3.1. Demographics
The 132 patients had a mean age of 63 21 days. The sex
distribution showed male predominance (91/132, 68.9%)
(Table 1).3.2. Isolated organisms
Of the 136 positive urine cultures produced by 132 patients,
four revealed two organisms and none had three organisms.
The most commonly isolated organism was E coli (85.3%),
followed by Klebsiella spp. (5.1%), Proteus spp. (3.7%),
Group B streptococcus (2.2%), Citrobacter spp. (1.5%), and
enterococcus (1.5%). The ranking of the most common
uropathogens was similar to results of previous studies in
Taiwan (Tables 2 and 3).5e9
In Tables 2 and 3, high rates of resistance of E coli to
ampicillin (75.9%) and trimethoprim/sulfamethoxazole
(31.7%) were noted, which were compatible with other
reports from Taiwan.5e7 However, the rate of resistance to
trimethoprim/sulfamethoxazole in this study was much
lower than those of previous studies in Taiwan in 2008
(50.7%),5 2004 (55.2%),6 and 1999 (57.1%)7; lower resistance
to ampicillin, trimethoprim/sulfamethoxazole, and genta-
micin was also observed in the study by Wang et al.8 There
were similar age distributions between Wang’s study and
the present study.
The study by Wu et al6 in 2004 was also conducted in the
same hospital as the present study. The empirical treat-
ment protocol for UTI was shifted from ampicillin and
gentamicin to cefazolin and/or gentamicin starting in 2000
due to the observation that resistance of E coli to ampicillin
and trimethoprim/sulfamethoxazole increased significantly
from 1995 to 1998.6 Compared to the study by Wu et al, the
present data showed decreased resistance to ampicillin,
trimethoprim/sulfamethoxazole, and gentamicin. Although
cefazolin became the first-line antibiotic, the resistance
rate did not increase significantly.
The emergence of extended-spectrum beta-lactamase
(ESBL) strains was also noted, as seen in six cultures (6/136,
4.4%), all of which were E coli. Four were from patients <1
month old. The age range of the infected infants was
between 8 and 62 days. (They were 8, 10, 22, 25, 55, and 62
days old, respectively.) According to the cultured time, one
was from year 2004, one was from year 2005, and other four
from year 2008. There was no resistance to amikacin in the
present cohort.
Table 2 Isolated organisms and E coli resistance to antibiotics in the present and other reports in Taiwan.
Author date Chiu et al
19899
1981e1987
Wang et al
19938
1984e1991
Yen and Chen
19997
1995e1998
Wu et al
20046
1995e2003
Tseng et al
20085
1991e2005
This study
2001e2009
Age range
pathogens
0e14 y
NZ 370
<2 mo
NZ 119
0e15 y
NZ 292
0e14 y
NZ 624
0e18 y
NZ 368
<4 mo
NZ 136
E coli 73.6% 67.2% 80.5% 74.7% 81.0% 85.3%
Klebsiella spp. 9.2% 14.3% 7.5% 6.4% 6.5% 5.1%
Proteus spp. 7.3% 0.8% 6.2% 6.7% 3.5% 3.7%
Enterococcus 5.7% 5.9% 2.1% 2.7% 6.0% 1.5%
Enterobacter 2.4% 5.0% 0.7% 2.2% NA 0.7%
Resistance
to antibiotics
In E coli
AM 86.0% 70.4% 90.2% 82.0% 80.9% 75.9%
SXT 15.2% 12.3% 57.1% 55.2% 50.7% 31.7%
GM 5.5% 2.5% 18.7% 24.9% 14.4% 15.8%
CZ 23.3% 25.0% 18.4% 24.0% 46.3% 28.5%
AN 4.0% 0 0.4% 1.1% NA 0
AMZ ampicillin; ANZ amikacin; CZZ cefazolin; GMZ gentamicin; SXTZ sulfamethoxazole/trimethoprim.
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Of the 116 patients who underwent renal sonography within
72 hours of admission, 24 had hydronephrosis. Of the 90
patients who received DRC and/or VCUG studies, 34 (37.8%)
had VUR, 15 with bilateral reflux, nine left-sided reflux, and
10 right-sided reflux.
Overall, 64 (55.2%) had GU tract anomalies; the most
common was VUR (34 cases, 53.1%), followed by hydro-
nephrosis (24 cases, 37.5%). Other anomalies included
duplex kidneys (two cases, 3.1%), agenesis or severe
atrophy of kidney (two cases, 3.1%), ureterocoele (one
case, 1.6%), and ectopic kidney (one case, 1.6%).3.4. DMSA renal scan and VUR
Of the 116 patients who received DMSA renal scan within
3e5 days of admission, 40 (34.5%) had positive results
(indicating APN). Table 4 shows the univariate analysis
between DMSA results and selected characteristics. In
patients with DMSA renal scans, 90 received DRC and/or
VCUG studies. Thirty-six of 40 patients with positive DMSA
renal scans received DRC and/or VCUG studies, and 32
(88.9%) had VUR. Among the 76 patients with negative DMSA
findings, 54 received DRC and/or VCUG studies and only twoTable 3 Trends of resistance (%) to antimicrobial agents in E co
2001
% (No.*)
2002
% (No.*)
2003
% (No.*)
2004
% (No.*)
2005
% (No
AM 90.0 (17/19) 76.9 (10/13) 57.1 (4/7) 78.3 (18/23) 68.8 (
CZ 47.4 (9/19) 15.4 (2/13) 14.3 (1/7) 26.1 (6/23) 18.8 (
GM 15.8 (3/19) 30.8 (4/13) 14.3 (1/7) 13.0 (3/23) 6.3 (
SXT 21.0 (4/19) 46.2 (6/13) 42.9 (3/7) 21.7 (5/23) 18.8 (
AN 0 0 0 0 0
CX 0 0 0 0 0
AMZ ampicillin; ANZ amikacin; CXZ ceftriaxone; CZZ cefazolin; G
* No.Z numbers of resistant organisms/numbers of organisms teste(3.7%) had VUR. There was a statistically significant corre-
lation between positive DMSA scan and presence of VUR
such that patients with positive DMSA results had 208-fold
higher risk of suffering from VUR than those without
(p< 0.001).
3.5. Laboratory findings and positive DMSA results
Laboratory findings [white blood cell count (WBC) and C-
reactive protein (CRP)] were compared between the APN
and non-APN groups (Table 4). There was no statistical
significance between WBC level and positive DMSA results.
Compared to CRP< 5.0 mg/dL, APN occurred three and five
times more in those with CRP 5.0e10.0 mg/dL and CRP
>10.0 mg/dL, respectively.
The multivariate model included age, CRP, WBC count,
duration of fever, (GI) symptoms, and the presence or
absence of VUR. The independent factors were presence of
VUR (p< 0.0001) and high CRP (pZ 0.019).
3.6. Renal sonography and VUR
A renal sonography was performed within 72 hours of
admission. The findings on initial renal sonography and DRC
and/or VCUG were compared (Table 5). Ninety infantsli isolates.
.*)
2006
% (No.*)
2007
% (No.*)
2008
% (No.*)
2009
% (No.*)
11/16) 68.8 (11/16) 77.8 (14/18) 72.2 (13/18) 66.7 (4/6)
3/16) 25.0 (4/16) 22.2 (4/18) 16.7 (3/18) 16.7 (1/6)
1/16) 12.5 (2/16) 11.1 (2/18) 11.1 (2/18) 0
3/16) 37.5 (6/16) 22.2 (4/18) 33.3 (6/18) 33.3 (2/6)
0 0 0 0
0 5.6 (1/18) 5.6 (1/18) 0
MZ gentamicin; SXT, sulfamethoxazole/trimethoprim.
d.
Table 4 DMSA renal scan and selected characteristics, by univariate analyses.
DMS Odds ratio p
Positive Negative
N (%) N (%)
VUR
No 4 (10) 52 (68) 1
Yes 32 (80) 2 (3) 208.00 (36.016e1201.740) <0.001
Not tested 4 (10) 22 (29)
WBC
<10,000/mL 11 (37) 19 (63)
10,000e15,000/mL 8 (22) 29 (78) 0.476 (0.162e1.402) 0.188
>15,000/mL 21 (43) 28 (57) 1.295 (0.509e3.295) 0.642
CRP
<5 mg/dL 19 (24) 60 (76) 1
5.0e10.0 mg/dL 13 (54) 11 (46) 3.732 (1.437e9.693) 0.010
>10.0 mg/dL 8 (62) 5 (38) 5.053 (1.476e17.299) 0.017
Duration of fever
0e1 d 23 (31) 52 (69) 1
2 d 12 (36) 21 (64) 1.292 (0.545e3.061) 0.656
Unknown 5 (63) 3 (37)
GI symptoms
No 27 (41) 57 (59) 1
Yes 13 (32) 19 (68) 1.444 (0.623e3.349) 0.393
Age
<30 d 8 (30) 19 (70) 1
30 d 32 (36) 57 (64) 1.333 (0.525e3.388)
286 J.-H. Wu et alreceived both renal sonography and VUR studies. Among
the 49 patients with normal ultrasonography (US), only one
(2%) had VUR by DRC and/or VCUG. Of the 41 with abnormal
US, 33 (80.5%) had VUR.4. Discussion
UTI occurs 1.5e5 times more in males than in females in
infancy.4 In the present study, the male/female ratio was
2.2:1.
There is also some concern regarding the development
of antimicrobial resistance among common uropathogens.6
In several studies conducted in Taiwan,5e9 including the
present one, there was a persistently high resistance of E
coli to ampicillin (Tables 2 and 3). Thus, ampicillin alone as
a first-line empirical antibiotic is inappropriate in pediatric
UTI in Taiwan.Table 5 Results of renal sonography and VUR in 90 infants
aged <4 months.
Renal Sonography Number VUR
() (þ)
Total 90 56 34
Normal US 49 48 1
Abnormal US 41 8 33Lower resistance to ampicillin, trimethoprim/sulfame-
thoxazole, and gentamicin is noted in young infants
compared to the general pediatric group (Table 2). Allen
et al10 have proposed that children under 2 years of age are
less likely to have resistant uropathogens compared to
children 2e6 years of age. Their data also show that
patients with one admission in the previous year are more
likely to have resistant isolates than those without hospital
admissions.10 Hillier et al11 conclude that exposure to
antibiotics is a strong risk factor for resistant E coli UTI, and
that the use of one antibiotic is associated with resistance
to another. These conclusions support the present results.
However, the emergence of ESBL strains is noteworthy,
evenwith a prevalence of only 4.4% in the current study. Bean
et al12 have observed the prevalence of ESBL to be about 4.0%
in UTI patients younger than 16 years. In the present study,
four of six ESBL strains were from those aged less than 1
month. This should be kept in mind and followed up.
Only 7% of patients in the present study had associated
bacteremia, which is compatible with the result of the
study by Ismaili et al.4 However, it contrasts with the
results of a retrospective analysis of 354 children less than 2
years of age with UTI, which found one-third of patients
with bacteremia.13
Representative abnormalities in children with UTI
include VUR and ureteroepelvic junction obstruction.14,15
VUR has been proposed as an important and leading
factor for increased risk of renal scar,10,14,16 with a corre-
lation that varies between 23% and 75%.17 VUR is detected
UTI in 0- to 4-month-old infants 287in 25e40% of children presenting with a first episode of
pyelonephritis.18 The present study showed a 37.8% prev-
alence of VUR.
DRC and/or VCUG are the most confirmative tests for
diagnosing VUR. However, both have their shortcomings,
including invasiveness, extensive exposure of patients to
radiation, hypersensitive reaction to radiocontrast media,
contact dermatitis, and dysuria following the procedure.17
On the other hand, the sensitivity of DMSA renal scan for
predicting VUR is 84.1%, with a negative predictive value of
80.6% in another study.2 In the present study, the sensitivity,
specificity, positive predictive value, and negative predic-
tive value of DMSA renal scan were 94.1%, 92.9%, 88.9%, and
96.3%, respectively. Other authors have observed that DMSA
renal scan can detect APN more accurately than other
inflammatory and imaging tests.2,15 The present data also
shows a particularly strong correlation between positive
DMSA result and VUR (Table 4). As such, all young infantswith
UTI and positive DMSA renal scan should receive VUR studies.
Accurate diagnosis of APN in children using clinical and
laboratory parameters is often difficult. There are significant
differences in levels of WBC, urine leukocyte count, eryth-
rocyte sedimentation rate (ESR), and age between patients
with normal and abnormal 99mTc-DMSA results.1,14,19,20
Erythrocyte sedimentation rate (ESR) has the highest sensi-
tivity, and urine erythrocyte count shows the highest speci-
ficity for predicting pyelonephritis in the studybyGarinet al.1
CRP levels have been shown to have good sensitivity but low
specificity for parenchymal infection in some studies,1,21 and
arebest correlatedwithacute renal involvement.14 Analyzing
WBC and CRP, CRP levels werewell correlated with abnormal
DMSA results in the acute phase of UTI. When CRP was
>5.0 mg/dL, the possibility of VUR increased, whereas WBC
was an ineffective predictor of APN in young infants (Table 4).
Pecile et al14 observed that fever longer than 2 days
before diagnosis increases the risk of positive renal scan in
a pediatric group aged <14 years. However, the present
data show no statistically significant correlation between
common clinical evidence and positive DMSA renal scan.
Therefore, imaging studies play an important role in eval-
uating UTI in young infants.
The current study demonstrates that when renal
sonography is normal after UTI, the risk of missing a renal
abnormality is very low, about 2.0%. This is compatible with
the findings of Ismaili et al,4 who concluded that renal
sonography should remain the first-line examination instead
of VCUG in infants with UTI.4
There is a limitation to the current study. Though our
data showed that the DMSA renal scan has both high
sensitivity (94.1%) and negative predictive value (96.3%) in
predicting the possibility of VUR, a small population of
patients suffering from VUR would be missed if we depen-
ded on DMSA renal scan alone for diagnosing VUR. Thus, we
suggest that other ancillary tools, such as clinical evidence,
laboratory findings, and/or sonography study, are necessary
for a complete evaluation.5. Conclusions
E coli is the most common uropathogen and is still highly
resistant to ampicillin. Trends of resistance to cefazolin aredecreased, not increased, even though it has become the
first-line empirical antimicrobial agent. The emergence of
ESBL must be considered. Unlike in older children, fever
and GI symptoms are unreliable factors in young infants
with APN. Ultrasonography remains the first-line examina-
tion in patients with UTI. VUR studies are strongly sug-
gested in all young infants with positive DMSA results.
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